ABSTRACT
donor site morbidities such as scarring, neuroma formation, and loss of sensation. Many treatment modalities have been looked intoto overcome this problem. Vein and muscle-filled vein grafts have been reported as alternatives to the classical nerve grafting. [3] [4] [5] There are some experimental and clinical studies using conduits, growth factors and stem cells for the repair of nerve defects. [6] [7] [8] Stem cells, because of their pluripotentiality and unlimited capacity for self-renewal, are expected to allow significant advances in distinct reconstructive procedures. Currently, scientific and clinical interest is high regarding the potential of stem cells to treat a broad range of conditions. Many sources of stem cells have been identified, including bone marrow, fat, muscle, liver, skin, heart, and brain in adults in addition to fetal and embryonic sources. Adipose-derived stem cells can be easily processed from lipoaspirated or extracted fat and provide a significant quantity of multipotent stem cells for a variety of therapeutic conditions. [9, 10] Stromal vascular fraction is an easily prepared solution obtained from lipoaspirate which includes signicant number of adipose derived stem cells. Many
INTRODUCTION
Proper end-to-end nerve repair is the treatment of choice in the reconstruction of peripheral nerve injuries. In some clinical situations, there is not a sufficient portion of a nerve present to perform an end to end nerve repair. [1, 2] Autogenous nerve grafting has been the standard technique for repairing these conditions of nerve defects. The results are satisfactory, but this technique causes significant nerve graft recent studies in the literature indicate that adipose tissue derived stem cells can stimulate nerve regeneration by both undergoing neural differentiation and through the release of a range of growth factors. [11] The purpose of this experimental study was to evaluate the effectiveness of vein grafts filled with adipose tissue derived stromal vascular fraction for the repair of nerve defects, and to compare it with empty vein grafts and nerve grafts.
MATERIALS AND METHODS
Thirty Wistar adult male rats weighing 250-300 g were used in this study. Approval for this study was obtained from the Local Animal Care and Ethics Committee. All animals were fed with rat chow and water ad libitum. Under anesthesia with intraperitoneal 100 mg/kg ketamine and 15 mg/kg xylasine injection, the animals were operated on following surgical procedures described below. All surgical procedures were performed with the aid of an operating microscope.
Three major fascicles of the sciatic nerve were exposed by a gluteal muscle splitting incision, and an 8 mm long nerve gap was created by sectioning a nerve segment from the distal part of the tibial nerve. Three groups, containing ten rats each, were created according to the technique used for filling the nerve gap (Figs 1a, b) .
Group 1 (Nerve Graft Group)
At both sides, three major fascicles of the sciatic nerves were exposed by a gluteal muscle-splitting incision and separated by dissection to a point about 1 cm above the trifurcation. On the left side, an 8 mm long nerve gap was created by sectioning the tibial nerve. Nerve graft harvested from the right side was sutured to the tibial nerve defect with 10/0 polypropylene sutures in an end-to-end fashion.
Group 2 (Vein Graft Group)
Firstly, the animal was positioned in dorsal recumbency. A 2 cm ventral skin incision was made along the crease formed by the abdomen and right thigh. Blunt dissection of the adductor muscles was used to visualize the right femoral vein. A 1-cm segment of the vein was resected and rinsed in saline solution. After prone positioning, the nerve gap was created as in Group 1 and empty vein graft was used to fill the nerve gap (Fig. 1c) .
Group 3 (Vein Graft SVF Combination Group)
In this group, bilateral ventral skin incisions were made along the crease formed by the abdomen and right thigh in supine position. Inguinal fat pads were harvested and minced into 1 mm particles. Adipose tissue collections were aseptically extracted and placed in containers previously filled with sterile phosphate-buffered saline. The container was immediately taken to a laminar flux chamber and washed with PBS until the removal of visible blood. Clean tissue masses were submitted to enzymatic digestion with collagenase (50 min, 37C) under constant shaking. After incubation, enzymatic digestion was interrupted by the addition of bovine fetal serum (BFS) (nearly 10% of the containers' total volume). The cell suspension was then centrifuged (5 min at 3000 rpm). The supernatant (adipocyte fraction) was discarded, and the pellet containing SVF was taken into 30 gauge syringe. A 1-cm segment of femoral vein was resected and rinsed in saline solution. After prone positioning, the nerve gap was created as in the other groups, and the vein graft was used to fill the nerve gap. In this instance, after proper coaptation, the vein grafts were filled with SVF solution (Fig. 1d) .
Morphologic Studies
After twelve weeks, all rats were anesthetized, and their experimental sites were explored to take specimens for histologic evaluation. Specimens including the tibial nerve from 5 mm distal and proximal of the suture lines were taken. Proximal part was tagged with a microsuture. After fixation and tissue processing, specimens of all groups were stained with Toluidine blue and observed with a photomicroscope to determine the total number of myelinated nerve fibers, and fiber diameter andmyelin thickness were also assessed.
Statistical Analysis
Sample size estimation was done using the Wilcoxon (MannWhitney) rank-sum test for ordered categories with a 0. and descriptive statistics were displayed in the form of mean ± standard deviation. Mann Whitney U test was used in nonnormally distributed data. P-value of <0.05 was considered statistically significant.
RESULTS
Mean numbers of myelinated fibers of all groups are shown in Table 1 . The differences between Group I (nerve graft group) and Group III (SVF group) were not statistically significant (p>0.05); however, the differences between Group II (vein graft group) and other groups (Group I, Group III) were statistically significant (p<0.05).
Mean fiber diameters of all groups are shown in Table 2 . The differences of the groups were not statistically significant (p>0.05).
Mean myelin thicknesses of all groups are shown in Table 3 . The differences of the groups were not statistically significant (p>0.05).
Histologic evaluation of the transverse semithin sections from the graft revealed myelinated nerves that crossed the graft and reached the distal nerve stump in Group III (stem cell vein group). Moreover, regular myelinated fibrils in many diameters and reaching vascularization were also found in Group III (Fig. 2a) . In Group I (nerve group), more regular myelinated fibrils in larger diameters and rich vascularization were found (Fig. 2b) . In contrast, Group II (vein group) revealed poor vascularization and untidy nerve organization with a few nerve fibrils engulfed in heavy fibrosis (Fig. 2c) .
DISCUSSION
Autograft is the golden standard for peripheral nerve defect repair, which provides continuityof the stumps with minimal or no tension and supports axonal regeneration while protecting against sourrounding scar formation.
Although the results are satisfactory, autogenous nerve grafting causes significant donor site morbidity such as scarring, neuroma formation, and loss of sensation. Therefore, alternative methods such as arterial grafts, vein grafts, and artificial tubes have been implemented with variable success rates. [3, 9] Various studies have shown that nerve guidance tubes alone cannot efficiently promote regeneration of a peripheral nerve over a gap longer than 3 cm in length in humans. [2] However, incorporation of schwann cells into the tube has significantly improved the conduits performance in animal studies, but isolation of schwann cells is troublesome and causes additional morbidity. [6] Stem cells and progenitor cells are seen as attractive alternatives to the use of autogeneous schwann cells. Furthermore, in various studies, stem cells aid regeneration by the release of soluble nerve growth factors such as brain derived naurotrophic factor or angiogenic molecules including vascular endothelial growth factor. Other studies have shown that stem cells can physically engraft and myelinate regenerating axons. [12] [13] [14] Concerning the above facts, we analyzed the success of vein grafts filled with adipose derived stem cell containing stromal vascular fraction solution as a nerve guide to repair peripheral nerve defect. The regeneration achieved with empty vein graft, nerve graft and adipose derived stem cell filled vein graft was compared. First, it was found thatall conduits supported axonal regeneration without collapsing and retained a lumen providing a permissive environment for regeneration.
The best regenerative values were found with nerve grafts, which is paralel with the current literature. [15, 16] The number of myelinated fibers in the stromal vascular fraction group were statistically better than the empty vein group. Thus, it can be said thatstromal vascular fraction filled vein graft is more effective than empty vein graft, and it can be used in the repair of nerve defects in the lack of autologous nerve graft.
Many studies in the literature have shown effectiveness of cultured adipose derived stem cells in peripheral nerve regeneration. In this study, cultured stem cells were nor used to mimic the classic unexpected clinical situation in which due to lack of adequate nerve graft, vein grafts are used. It is our belief that in clinical settings, especially for large nerve defects, vein grafts filled with adipose tissue derived stem cells might be used to aid regeneration and prevent collapse, but whenever possible, nerve graft application must still be the procedure of choice.
There were some limitations and weaknesses of the experimental model in this study. Owing tothe relatively small diameter of the tibial nerve, effects of the collapse phenomenon could be masked, which may also benefit from filling of the vein lumen. In addition, tracking of florescein labeled cells and performing electrophysiological analysis, which were not available in our facility, may further enlighten the effectiveness of the procedure.
As a conclusion, the adipose tisssue derived stem cell filled vein graft is not as effective as the nerve graft, but it has better results when compared with empty vein grafts. Further experimental studies should be performed before clinical practice.
Conflict of interest: None declared.
